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ABSTRACT 
 
In early 2002 Queensland University of Technology (QUT) commenced to 
develop its own GPS receiver for space applications called SPARx (SPace 
Applications Receiver), such as sounding rockets and satellites in Low Earth 
Orbits.  The QUT GPS receiver development is based on the Mitel GP2000 
Chip set and is a modification of the Mitel Orion GPS receiver. The base for 
the software development is the Mitel GPS Architect development kit. 
 
In 2003 work was undertaken to extend the QUT GPS Receiver SPARx to 
have precise time synchronization capability.  The software was improved to 
produce an accurate timing reference so that measurements and solutions 
time tagged to Co-ordinated Universal Time (UTC) may be obtained. In 
addition, work was undertaken so that the receiver has the ability to output a 
precise hardware time signal in the form of a pulse per second. This can be 
used as a time reference to synchronize the sub-systems onboard a satellite 
and provide precise timing for operations and measurements. This paper will 
discuss the implementation aspects of the pulse per second and 
synchronization issues, the high level concept and the results achieved. This 
work for time synchronization capability is also essential for the receiver’s 
use in 3-axis attitude determination based on GPS differential carrier phase 
measurements. 
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1. INTRODUCTION 
 
In early 2002 Queensland University of Technology (QUT) commenced to develop its own 
low-cost GPS receiver for space applications called SPARx, such as sounding rockets and 
satellites in Low Earth Orbits.  The QUT GPS receiver development is based on the Mitel 
GP2000 Chip set and is a modification of the Mitel Orion GPS receiver which is a 12-channel 
receiver design. The base for the software development is the Mitel GPS Architect 
development kit.   
 
The timing is one of the most critical aspects of a GPS receiver.  Any inaccuracies in timing 
translate to inaccuracies in the resultant position and velocity information given by the GPS 
receiver, especially in space where velocities in the kilometres per second range are 
encountered.  Like most GPS receivers the QUT GPS receiver uses an inexpensive reference 
clock which is a Temperature Compensated Crystal Oscillator (TCXO).  The frequency 
stability of these clocks varies due to fluctuations in temperature and vibration and is poorer 
than the stability of the atomic clocks in the GPS satellites.  The operations within the receiver 
are dependant upon the stability and accuracy of this TCXO.  Because this local time 
reference in the receiver has a stability much worse than the atomic clocks onboard the GPS 
satellites, the receiver like most GPS receivers has a clock model to relate the local clock to 
the GPS time.  The QUT GPS receiver design was extended to have precise time 
synchronization capability by aligning the time tag for measurements to be used in the 
solution with the integer second of Coordinated Universal Time (UTC).  This is essential for 
the receiver’s future use in 3-axis attitude determination based on GPS differential carrier 
phase measurements. The implementation of time synchronization will be discussed further in 
the following sections as well as the discussion of results achieved. 
 
 
2. Time Synchronization Implementation 
 
In the current QUT receiver design, software improvements based on the currently 
implemented receiver clock model were done to align the timing in the receiver with the 
integer second of Coordinated Universal Time (UTC) so that precise time tagged 
measurements and solutions will be obtained.   
 
 
2.1 The TIC 
 
The timing within the receiver is derived from the oscillator- based ‘TIC’ which is an internal 
signal of the GP2021 correlator chip and has a default period of 0.0999999 seconds. It is used 
to latch the measurement data of all 12 channels at the same instant. The GP2021 correlator 
by Zarlink (formerly known as Mitel) has the facility to let its default TIC period of 
0.0999999 seconds be modified in whole number increments of 175 nanoseconds which is the 
hardware (GP2021) TIC resolution (Mitel Semiconductor, 2001). 
 
 
2.2 Receiver Clock Model 
 
  
 
The time reference in the receiver is a Rakon TXO200B TCXO which has a specified 
frequency stability of +/- 2 ppm which means the TIC is susceptible to +/- 200 nanoseconds 
variation from the oscillator (Rakon Limited, 2000).   To compensate for this variation the 
receiver software keeps track of GPS time by counting occurrences of the GP2021 TIC and 
then calculating the GPS time from the TIC using a linear clock model. The clock model 
parameters are computed once every second as part of the navigation solution if the receiver is 
tracking at least four satellites.  The receiver-modelled GPS time is used to time tag the 
various raw measurements taken within the receiver, which are then used in the navigation 
solution.  If the broadcast UTC model parameters are available then the measurements will be 
aligned with the receiver’s own estimate of UTC time, which is derived from the calculated 
GPS time.   
 
 
2.3 Alignment to Integer UTC Second 
 
The QUT receiver software uses a simple task switching operating system.  Tasks can be 
suspended for a certain number of whole TICS and then re-activated.  The default TIC period 
can also be modified through the receiver software (Mitel Semiconductor, 2001).  These two 
features were utilized in order to align the time at which measurements are taken and used in 
the navigation solution with the integer UTC second.  There is also continual monitoring and 
adjustment to keep the synchronization. 
 
The navigation task is the software task responsible for calculating the position, velocity and 
clock model parameters.  The time synchronization software is activated at the same rate as 
the navigation task (1 Hz).  It calculates the delay required in suspending the navigation task 
by a certain number of TICS as well as the change in the default TIC period required.  With 
the current receiver operation the time synchronization is run only after a minimum of 4 GPS 
satellites have been locked, to ensure that the receiver clock model parameters are available. 
This is done to ensure a better approximation of the GPS time within the receiver.   
 
The time synchronization software activates at two TICs behind the TIC at which the 
navigation task will be activated. This is done to allow time for calculation of the TIC period 
change required, and a further TIC period is required in which the default TIC period is 
modified in the hardware.  This means that the TIC period in which the default TIC period is 
changed, will be at the one TIC prior to when the navigation task activates.  See Figure 1. 
below.   
 
 
 
 
 
 
 
  
 
 
Figure 1. TIC period adjustment 
 
 
2.4 Hardware Pulse Per Second 
 
A hardware pulse was generated out of the receiver, aligned with the UTC integer second.  
This is a 1 ms wide pulse output and may be used as a time reference for operations and 
measurements and to synchronize the sub-systems onboard a satellite.  Currently the accuracy 
of this pulse is unknown but will be investigated further in upcoming tests. 
 
 
2.4 Preliminary Results 
 
As testing the receiver’s time with an atomic clock is yet to be undertaken, measurement data 
was logged and the time tag of the data compared with the receiver’s own estimate of the 
UTC integer second.  The results are shown as follows: 
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Figure 2. Time tag offset from integer UTC second 
 
 
The data has a mean of 6 nanoseconds with standard deviation (1 sigma) of 49.4 nanoseconds.  
The spread of the data is 171.2 nanoseconds. With the resolution of the TIC at 175 seconds 
the time synchronization software is designed so that the TIC adjustment to the UTC integer 
second should always be within 87.5 nanoseconds of the required TIC period correction.  This 
is consistent with the results shown above.  The standard deviation of a uniformly distributed 
error ranging over 175 nanoseconds is 12/175  = 50.5 nanoseconds which is also consistent 
with the results.   
 
 
3. CONCLUSIONS 
 
The preliminary results indicate that the implementation of time synchronization in the QUT 
GPS receiver SPARx is successful although further testing needs to be conducted.  Because 
these are only relative comparisons with the receiver’s own clock model, testing with an 
atomic clock is to be conducted as the next step.  The results from a comparison with an 
atomic clock can then be used to adjust the software accordingly to produce an accurate time 
reference.  Such a test, including an atomic clock as a time (frequency) reference is currently 
under preparation.  These extensions of the receiver to have time synchronization capability 
are a useful advantage for its use in applications such as 3-axis attitude determination using 
GPS. 
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